Introduction
Infection is prevalent in malnourished infants, and both bacterial and viral infections often follow a fulminating course in patients suffering from kwashiorkor (Smythe, 1958; Wittman et al., 1967; Scrimshaw et al., 1968) . Published studies of immunoglobulin levels in infants with protein-calorie malnutrition do not suggest a defect in humoral immunity in this disease (Keet and Thom, 1969; Aref, 1970; Watson and Freeseman, 1970; El-Gholny et al., 1970; McFarland et al., 1970) . Jackson (1925) and Vint (1936-7) reported that malnourished children show atrophy of the thymus and lymphoid tissue, so we tested cell-mediated immunity in malnutrition in a prospective study in children with kwashiorkor by the cutaneous delayed hypersensitivity reaction to antigens, and by the in-vitro transformation of lymphocytes by phytohaemagglutinin.
Patients
Eighteen African children aged 6 to 30 months admitted to Baragwanath Hospital, Johannesburg, were investigated. All had kwashiorkor as defined by Jelliffe (1966) and their weight was below the third Boston percentile for age. The severity of kwashiorkor on admission was assessed by the presence or absence of the following criteria (Kahn, 1959; Garrow and Pike, 1967) : gross oedema, weeping dermatosis, severe wasting in the presence of oedema and dermatosis, hepatomegaly of 4 cm or more below the costal margin, jaundice, prothrombin index of 5000 or less, disturbance of consciousness with or without hypoglycaemia, dehydration and/or electrolyte disturbance, the presence of infection, hypothermia to 95'F (35'C) less, and xerophthalmia. When four or more of these features were present the cases were regarded as "severe"; when at least one but fewer than four were present the cases were graded as "moderate," and "mild" cases had none of these poor prognostic criteria. Overt clinical evidence of infection was present in 13 of the 18 patients.
All patients were given a standard diet of ±200 ml/kg/day of 66-6% Pelargon with added sucrose. This provided nearly 130 cal/kg/day and 4-5 g protein/kg/day. Feeding by nasogastric tube was often required initially. Potassium supplements and vitamins A, D, and C were given routinely, and intravenous fluids and antibiotics were administered when indicated. The surviving children were retested three weeks later when they showed considerable clinical improvement and weight gain.
Control Subjects.-The control group comprised nine wellnourished African children aged 6 to 18 months at the 50th Boston percentile for weight. All nine children had clinical evidence of infection-namely, gastroenteritis, otitis media, and pneumonia-similar to those diagnosed in the children with kwashiorkor.
Methods
Cutaneous Delayed Hypersensitivity Reactions.-Skin tests with diphtheria toxoid and candida antigen were carried out on admission to hospital on all patients and controls and, if negative, were repeated after three weeks. Diphtheria toxoid: 0-1 ml of a 1/10 dilution was injected intradermally with a tuberculin syringe into the flexor surface of the forearm. The reaction was read after 48 hours. Candida antigen*: A somatic antigen was provided in a cream base. The material was applied to the flexor surface of the forearm and introduced into the skin with a Heaf gun set at 2 mm. The reactions were read at 48 and 72 hours.
In-vitro Lymphocyte Transformation.-Human peripheral blood leucocytes were cultured as described previously (Liknaitzky et al., 1970) . Ten millilitres of blood was collected aseptically in heparin (20 units per ml of blood), allowed to stand at room temperature for 45 minutes, and the supernatant leucocyte-rich plasma aspirated. The leucocyte suspension, which contained >70% lymphocytes, was then added to M150 medium and 10% bovine albumin to give a concentration of 1 x 106 lymphocytes per ml. The cultures were incubated at 37°C for three days after the addition of 0-1 ml of phytohaemagglutinin. After Tables I and II) . After three weeks of hospital treatment the skin reaction to candida became positive in all 10 patients with kwashiorkor retested (Table II) , a statistically significant increase (x2 = 14-75; P <0 005), and positive diphtheria skin tests were obtained in 10 of the 12 patients retested (X' = 15 56; P <0 005). The lymphocyte transformation index was determined in six of the nine control children and in 16 children suffering from kwashiorkor, and the results are shown in the Chart. The mean lymphocyte transformation index was 58-0 + 1-63% in the control children and 42-5 + 5-33% in the kwashiorkor patients. The difference between the two means is statistically significant (t = 3-33; P <0 005). Two patients with low initial values were retested after three weeks, when their nutritional state had improved, and in both of them the index had risen to 3Q0°Xo .
The four patients with lymphocyte transformation index values greater than 600/' showed the least disturbance of the candida skin test reaction; three of these had a positive candida response initially. In the six children with an index of 40-59% the skin test responses were variable, and the six patients with an index of less than 40% showed the maximum suppression of cutaneous delayed hypersensitivity.
It was possible to correlate the clinical severity of kwashiorkor with the results of the tests of cellular immunity. The three children with positive candida reactions and lymphocyte transformation index of 60% or greater showed mild or moderate kwashiorkor. In all children with severe disease the candida reaction was negative and the lymphocyte transformation index less than 55%. Two infants (Cases 1 and 7, Table II), however, showed poor correlation between the clinical findings and both the skin tests and the lymphocyte transformation index.The skin tests initially were negative and the lymphocyte transformation index was <40%, yet clinical criteria suggested only mild or moderate clinical kwashiorkor. Of the 12 patients who showed definite diminished cutaneous delayed hypersensitivity initially, four died.
The serum immunoglobulin levels in the 12 patients tested are shown in Table II mg/100 ml, IgA from 97 to 370 mg/100 ml, and IgM from 36 to 135 mg/100 ml. There was no correlation with clinical infection or the degree of severity of the kwashiorkor. Of the two patients who died, one had a low IgG, with raised IgA and a normal IgM, whereas the second had normal immunoglobulin levels for his age.
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